To investigate the clinical predictors of coronary atherosclerosis and to assess the utility of maximum-IMT for predicting coronary atherosclerosis in asymptomatic type 2 diabetic patients. Methods: One hundred one Japanese patients with type 2 diabetes underwent computed tomography coronary angiography. Definitions of coronary artery stenosis and vulnerable coronary plaque were luminal narrowing of ≥ 50% and any coronary plaque with positive vessel remodeling and low attenuation, respectively. Carotid intima-media thickness (IMT) was assessed using B-mode ultrasound. 
Introduction
Coronary artery disease (CAD) is a major cause of morbidity and mortality in patients with type 2 diabetes 1) . Although comprehensive and intensive management of multiple cardiovascular risk factors in type 2 diabetic patients is recommended to reduce the risk of cardiovascular events 2, 3) , a considerable number of patients still develop CAD even under intensive management.
Acute coronary syndrome (ACS) is caused by disruption of an atherosclerotic plaque in two-thirds of those who experience it 4) . ratio, which is one of the most important variables related to coronary atherosclerosis 24) , to carotid IMT could improve the prediction of CAD.
Aim
To investigate the clinical predictors of coronary atherosclerosis and to assess the utility of maximum-IMT for predicting coronary atherosclerosis in asymptomatic type 2 diabetic patients.
Methods

Subjects
We retrospectively analyzed data on patients with type 2 diabetes who underwent CCTA at University of Tsukuba Hospital from April 2009 to March 2011. Because of complications associated with CCTA, such as renal failure, allergy, and radiation-related issues, we reserve its use for those patients at high risk for CAD in whom the risk/benefit ratio indicates its use. Reasons for performing CCTA were maximum-IMT ≥ 1.1 mm, ischemic change on electrocardiogram (ECG), positive exercise ECG test results, or left ventricular wall motion abnormality on echocardiography. In most healthy individuals, the maximum-IMT was reported not to exceed 1.1 mm in Japan 25) . ECG abnormalities such as Q waves, ST-T changes, or negative T waves, positive exercise ECG test results, and left ventricular wall motion abnormality on echocardiography suggest the presence of CAD. Exclusion criteria were chest symptoms, known CAD, type 1 diabetes mellitus, comorbid endocrine disorders, serum triglyceride (TG) level ≥ 400 mg/dL, and ventricular and supraventricular arrhythmias. All patients had undergone a structured interview, physical examination, and laboratory analysis. Hypertension was defined as systolic blood pressure (SBP) ≥ 140 mmHg and/or diastolic blood pressure (DBP) ≥ 90 mmHg or current use of antihypertensive agents. Diabetic retinopathy was diagnosed by ophthalmologists. Urinary microalbumin excretion ≥ 30 mg/day indicated diabetic nephropathy. Glomerular filtration rate was estimated (eGFR) by an equation modified for the Japanese as previously described 26) . Diabetic neuropathy was defined by reduced bilateral ankle vibration sensation (＜10 s) and/or reduced or absent bilateral Achilles tendon reflex and/or impairment of light touch; other causes of neuropathy were excluded. This study was approved by the institutional ethics committee and conducted according to the Helsinki Declaration. culprit plaque responsible for ACS, designated as vulnerable coronary plaque, are large lipid cores, a thin fibrous cap, and positive vascular remodeling. Moreover, most lesions are not associated with significant coronary luminal stenosis before the event 5, 6) . Studies of asymptomatic type 2 diabetic patients revealed that silent myocardial ischemia existed irrespective of the number of traditional cardiovascular risk factors and was a cause of future cardiac events [7] [8] [9] [10] . Coronary computed tomography angiography (CCTA) was proposed as an alternative imaging modality to evaluate patients with known or suspected CAD 6, 11) . CCTA accurately identifies the presence of obstructive CAD and can evaluate the composition of coronary plaque 6, [12] [13] [14] . Compared with intravascular ultrasound, 64-slice CCTA is equally able to detect and evaluate coronary atherosclerotic plaque 15) . The characteristics of culprit lesions in ACS, as shown by CCTA, are positive vessel remodeling and low-attenuation plaque 6) . Moreover, patients having plaque with these characteristics were shown to be at higher risk for development of ACS over time than patients without such plaque characteristics 6) . The application of CCTA has been limited to patients at high CAD risk because of exposure to contrast media and radiation. Screening for CAD using CCTA is controversial in asymptomatic type 2 diabetic patients 2) ; however, identifying the clinical predictors of vulnerable coronary plaque and coronary artery stenosis is important for appropriate management of these patients.
Carotid ultrasonography is useful to assess the extent of systemic atherosclerosis [16] [17] [18] . Increased carotid intima-media thickness (IMT), maximum-IMT in particular, is a strong predictor of future myocardial infarction 16) . Complex carotid plaque characterized by low echoicity, an irregular surface, and/or ulceration is also associated with future cardiovascular events 19, 20) . Although carotid IMT is a good predictor of future myocardial infarction 16) and the presence of coronary artery stenosis 21) , the usefulness of maximum-IMT for predicting CAD is unclear in high risk but asymptomatic type 2 diabetic patients, because the participants in a previous study were limited to the patients at high risk of coronary heart disease or had previously diagnosed coronary heart disease 21) . Moreover, maximum-IMT has high sensitivity but low specificity for the detection of coronary artery stenosis in asymptomatic patients with type 2 diabetes 22, 23) . This would cause an overestimation of coronary artery stenosis; therefore, it is important to examine the predictability of maximum-IMT for CAD and examine whether the addition of other markers, such as the LDL-cholesterol (LDL-C)/HDL-cholesterol (HDL-C) MHz linear-array transducer. Scanning of each common carotid artery (CCA) began just above the clavicle and then passed cephalically through the bifurcation as distally as possible. Carotid IMT was determined by the distance from the leading edge of the lumen-intima interface of the far wall to the leading edge of the media-adventitia interface of the near wall. Maximum-IMT was the greatest thickness measured on both sides of the CCA, bulbus and internal carotid artery, excluding the external carotid artery. Mean-IMT was measured for both CCAs, excluding the bulbus, and was defined as the average of 3 points that included the point of maximum-IMT and 2 points on either side (each point 1 cm distant from the point of maximum-IMT) 25) . The average mean-IMT for both sides was recorded. Carotid plaques were analyzed for their echogenic composition and surface characteristics and were considered to be complex carotid plaques if an irregular surface, a low echoic area, and/or ulceration were present 30) .
Statistical Analysis
Categorical variables are expressed as numerals and percentages and were compared with the χ 2 test. Continuous variables are expressed as the mean±SDs or median and interquartile range (IQR). Based on distribution, continuous variables were compared using unpaired Student's t test or the Mann-Whitney U test for two-group comparisons and ANOVA or Kruskal-Wallis tests for four-group comparisons. Logistic regression analyses identified variables related to coronary artery stenosis or vulnerable coronary plaque. Differences across tertiles of the maximum-IMT or the LDL/HDL ratio were analyzed with oneway ANOVA followed by the Bonferroni post hoc test. The ability of mean-IMT, maximum-IMT, LDL/ HDL ratio, or a combination of those factors to predict coronary artery stenosis and vulnerable coronary plaque was examined by receiver operating characteristic (ROC) curve analyses. Area under the receiver operating characteristic curves (AUCs) and sensitivity, specificity, and positive and negative predictive values were calculated for detection of coronary artery stenosis and vulnerable coronary plaque. The effects of combinations of the maximum-IMT and LDL/HDL ratio for the presence of coronary plaque were assessed. All statistical analyses were performed by SPSS (version 15.0; Chicago, IL). Statistical significance was considered at p＜0.05.
Laboratory Analysis
Blood samples were collected the morning after an overnight fast. Plasma levels of glucose and serum levels of total cholesterol (TC), HDL-cholesterol (HDL-C), TG, and creatinine were determined by an automated analyzer (7700 clinical analyzer; Hitachi High-Technologies Corporation, Tokyo, Japan). Serum LDL-cholesterol (LDL-C) levels were calculated by the Friedewald equation when the plasma TG concentration did not exceed 400 mg/dL. HbA1c was measured by high-performance liquid chromatography (HLC-723G9; Tosoh Corporation, Tokyo, Japan). HbA1c values were converted from the Japanese Diabetes Society (JDS) values into National Glycohemoglobin Standardization Program (NGSP) equivalent values 27) .
Assessment of CCTA
Coronary stenosis and vulnerable coronary plaque were assessed with a Philips Brilliance-64 scanner (Philips Medical Systems, Cleveland, OH, USA) with a 64×0.625-mm detector configuration. Scanning was performed at 120 kV and 600-1050 mA, 0.2 pitch, and with standard or sharp filters. 60 mL contrast agent (iopamidol 370 mg/mL; Schering AG, Berlin, Germany) was injected intravenously at a rate of 4 mL/s. When the signal density in the ascending aorta reached a predefined threshold of 100 Hounsfield units (HU), acquisition of CT data and an electrocardiogram trace were automatically started during a 7-to 9-s breath-hold. Patients whose heart rate was ＞70 beats/min were given oral metoprolol (20 mg) 1 h before the scan. Scans were analyzed using a Brilliance Workspace 3-D workstation (Philips Medical Systems). Each scan was analyzed independently by two experienced readers unaware of the patient's identity and clinical presentation. Luminal narrowing of 50% or more revealed by CCTA indicated coronary stenosis. Vulnerable coronary plaque was defined as positive vessel remodeling (remodeling index ＞1.10) and lowattenuation plaques (＜50 HU) on CCTA 12, 28, 29) . Coronary artery lesions based on CCTA were categorized into four groups: 1) neither coronary artery stenosis nor vulnerable coronary plaque (stenosis 
Assessment of Carotid Ultrasonography
B-mode examinations of the carotid arteries were performed by an ultrasound system with a 7.5/10-disorders (n = 7), or hypertriglyceridemia (n = 1), or were in a poor general condition (n = 3). An additional 5 patients were excluded due to motion artifacts and/ or clip artifacts, leaving 101 patients for analysis. Of the subject group, 97 had a maximum-IMT ≥ 1.1 mm, 31 had ischemic changes on the ECG, 24 had a
Results
Characteristics of Subjects
Initially, 124 patients were enrolled; however, 18 patients were excluded because they had type 1 diabetes (n = 3), known CAD (n = 4), comorbid endocrine 
Age (years) Male/female BMI (kg/m 2 ) Duration of diabetes (years) Hypertension, n (%) Systolic blood pressure (mmHg) Diastolic blood pressure (mmHg) Current smoking, n (%) Family history of CAD, n (%) Retinopathy, n (%) Nephropathy, n (%) Neuropathy, n (%) Systolic blood pressure (mmHg) Diastolic blood pressure (mmHg) Current smoking, n (%) Family history of CAD, n (%) Retinopathy, n (%) Nephropathy, n (%) Neuropathy, n (%) (52) 5 (7) 25 (35) 8 (11) 12 (17) 11 (16) 20 (28) 25 (35) 23 (32) 22 (31) 5 (7) 1.1 (0. artery (＋) group compared with the vulnerability (−) group, the duration of diabetes was higher, values for the LDL/HDL ratio and maximum-IMT were higher, and the percentages of those with complex carotid plaque and who used statins were higher; these differences were significant; however, DBP and HDL-C were significantly lower in the vulnerable coronary artery (＋) group than in the vulnerability (−) group ( positive exercise ECG test, and 31 had a left ventricular wall motion abnormality on echocardiography. Some patients had two or more of these conditions. There were 15 patients with cerebrovascular disease and 5 patients with peripheral arterial disease. Table 1 shows the baseline characteristics of study subjects according to the category of coronary artery lesion. Sex, hypertension, retinopathy, LDL/HDL ratio, use of any antihypertensive agent, maximum-IMT, and complex carotid plaque differed significantly among the following four groups: stenosis (−)/vulnerability (−), stenosis (＋)/vulnerability (−), stenosis (−)/vulnerability (＋), and stenosis (＋)/vulnerability (＋). As shown in Table 2 , compared with the stenosis (−) group, the stenosis (＋) group included more individuals who were older, male, had hypertension, had retinopathy, were taking any antihypertensive agent or who had complex carotid plaque, lower HDL-C levels, a higher LDL/HDL ratio, and higher maximum-IMT values; differences between the stenosis (＋) and stenosis (−) groups were significant. In the vulnerable coronary Fig. 2A shows the AUCs for prediction of coronary artery stenosis. The sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of variables for maximum-IMT are provided in Table 5 
Discussion
This study had three major findings. First, male sex, duration of diabetes, elevated SBP, and the LDL/ HDL ratio were independently associated with the history of CAD, HbA1c, maximum-IMT, and complex carotid plaque ( Table 3) .
Combined Effects on Coronary Artery Lesions
According to the Maximum-IMT and the LDL/ HDL Ratio Table 4 and Fig. 1A show combinations of the effects of the maximum-IMT and LDL/HDL ratio on coronary artery stenosis. According to the results of tertile analysis of maximum-IMT, 12 patients (34%) in the lowest tertile (T1), 26 (81%) in the middle tertile (T2), and 25 (74%) in the highest tertile (T3) had coronary artery stenosis (p = 0.001). Analysis using the variance post-hoc test revealed a statistically significant difference between the T1 group and each of the other 2 groups in the maximum-IMT category regarding coronary artery stenosis (p＜0.001 and p = 0.001, respectively). In the LDL/HDL ratio category, 18 patients (55%) in T1, 20 (61%) in T2, and 25 (71%) in T3 had coronary artery stenosis (p = 0.352). There was no significant difference in the frequency of coronary artery stenosis associated with an increase in the LDL/HDL ratio for each tertile of the maximum-IMT (p = 0.949 for T1, p = 0.531 for T2, and p = 0.512 for T3). Increasing frequency of coronary stenosis was observed in the T2 and T3 categories of the maximum-IMT compared with the T1 category of the maximum-IMT for each category of the LDL/HDL ratio. Statistical significance was observed among the tertiles of the maximum-IMT in the T3 of the LDL/ HDL ratio (p = 0.001). There were, however, no significant differences in T1 and T2 of the LDL/HDL ratio (p = 0.166 and p = 0.135, respectively). Table 4 and Fig. 1B show combinations of the effects on vulnerable coronary plaque according to the maximum-IMT and the LDL/HDL ratio. According to the results of tertile analysis of the maximum-IMT, 6 patients (17%) in T1, 11 (34%) in T2, and 13 (38%) in T3 had vulnerable coronary plaque. In the LDL/HDL ratio category, 7 patients (21%) in T1, 8 (24%) in T2, and 15 (43%) in T3 had vulnerable coronary plaque. Analysis of variance revealed no significant difference among the tertiles of maximum-IMT or LDL/HDL (p = 0.352 and p = 0.107, respectively). There was a difference in the frequency of vulnerable coronary plaque associated with increases in the LDL/ HDL ratio for each category of the maximum-IMT. The frequency of vulnerable coronary plaque associated with increases in the LDL/HDL ratio was observed in the T1 and T3 categories of the maximum-IMT. According to tertile analysis of the LDL/ HDL ratio in the T1 category of maximum-IMT, the LDL/HDL ratio was associated with improved predic- Data are expressed as n/N (%). In the T1 group in the maximum-IMT category, 34% of subjects had coronary artery stenosis whereas in the T2 and T3 groups, 81% and 74% of subjects, respectively, had coronary artery stenosis. In the T1 group in the LDL/HDL ratio category, 55% of subjects had coronary artery stenosis whereas in the T2 and T3 groups, 61% and 71% of subjects, respectively, had coronary artery stenosis. B: Presence of vulnerable coronary plaque for different maximum-IMT categories according to 3 categories of LDL/HDL ratio (tertile, T). In the T1 group in the maximum-IMT category, 17% of subjects had vulnerable coronary plaque whereas in the T2 and T3 groups, 34% and 38% of subjects, respectively, had vulnerable coronary plaque. In the T1 group in LDL/HDL ratio category, 21% of subjects had vulnerable coronary plaque, whereas in the T2 and T3 groups, 24% and 43% of subjects, respectively, had vulnerable coronary plaque. A B vated levels of serum TC in both sexes and with smoking and elevated TC/HDL ratio in men 4, 34) . Subjects with lower HDL-C were at high risk of cardiovascular disease regardless of whether statins were used 35) . These findings are consistent with our results; therefore, our results appear highly plausible, given the findings in those previous epidemiological and pathological studies.
Our finding of lower DBP in the vulnerability (＋) group than in the vulnerability (−) group is probably due to a greater proportion of anti-hypertensive drug use in the former than the latter group. The higher rate of statin use in the vulnerability (＋) than in the vulnerability (−) group reflects poorer control of LDL-C.
Carotid IMT is strongly predictive of future cardiovascular events 36) and is associated with the presence of coronary atherosclerotic plaque evident by coronary angiography 21) . Increased maximum-IMT was shown to be associated with the presence of coronary artery stenosis as assessed by CCTA in asymptomatic patients with type 2 diabetes 22, 23) . The maximum-IMT, which includes the CCA, bulbus, and internal carotid artery, was reported to have superior presence of coronary artery stenosis whereas the LDL/ HDL ratio was independently associated with the presence of vulnerable coronary plaque. Second, maximum-IMT values predicted both coronary artery stenosis and vulnerable coronary plaque. Third, the combination of maximum-IMT and the LDL/HDL ratio had greater predictive value than each parameter alone, as shown by the AUC for predicting both coronary artery stenosis and vulnerable coronary plaque. To our knowledge, this is the first investigation of clinical predictors of vulnerable coronary plaque in high risk but asymptomatic patients with type 2 diabetes.
High LDL-C, low HDL-C, elevated blood pressure, hyperglycemia, smoking, and diabetic retinopathy are independent risk factors for CAD in type 2 diabetes 31, 32) . The TC/HDL ratio and LDL/HDL ratio were reported to be better predictors of future cardiovascular disease than single lipid parameters (TC, LDL-C, and HDL-C) 33) . Traditional risk factors were shown to have distinct effects on plaque stability: stable plaque was associated with age and hypertension in men and with elevated glycosylated hemoglobin and hypertension in women; plaque erosion with smoking in both sexes; and plaque rupture with ele- --
A B
because the prevalence of coronary artery stenosis clearly increased between T1 and T2 and was similar between T2 and T3 in the maximum-IMT category; however, we could not exclude the presence of coronary artery stenosis in the lowest maximum-IMT category because its prevalence was 34% in this group. Kasami et al. showed that the cut-off level of maximum-IMT for predicting the presence of coronary artery stenosis was 1.90 mm with sensitivity of 0.93 and specificity of 0.55 in type 2 diabetic patients without a history of CAD 23) . A similar result was reported by Irie et al.: the maximum-IMT cut-off level was 1.55 mm with sensitivity of 0.90 and specificity of 0.46 in asymptomatic patients with type 2 diabetes 22) . Our result is comparable to these results, indicating that maximum-IMT is useful in screening for coronary artery stenosis.
We showed that the AUC of the combination of maximum-IMT and LDL/HDL ratio for predicting the presence of coronary artery stenosis was greater than the maximum-IMT alone; however, the maximum-IMT alone had higher sensitivity than the combined maximum-IMT and LDL/HDL ratio, which had higher specificity than the maximum-IMT. Therefore, the maximum-IMT alone is useful to rule out predictive value than the mean-IMT of the CCA for a cardiovascular event or coronary artery stenosis 16, 23) . Moreover, the relationship of CAD with characteristics of carotid plaque has been indicated. Complex carotid plaque was associated with complex coronary plaque 19) . Echolucent carotid plaque, a component of complex carotid plaque, was reported to be lipid-and macrophage-rich 37) and to predict future coronary events in stable CAD 19) . An irregular surface of carotid plaque was associated with vascular events 38) . Our data are consistent with these findings.
Interestingly, we found that the maximum-IMT had moderate predictive value not only for coronary artery stenosis but also for vulnerable coronary plaque in asymptomatic patients with type 2 diabetes. On the other hand, the LDL/HDL ratio could predict vulnerable coronary plaque but not coronary artery stenosis, especially in T1 of the maximum-IMT category. These data indicate that maximum-IMT is a useful predictor of both coronary artery stenosis and vulnerable coronary plaque and that the LDL/HDL ratio is a useful predictor of vulnerable coronary plaque in patients categorized as being in T1 of the maximum-IMT. Our data also suggest that the maximum-IMT has a threshold for the prediction of coronary artery stenosis 22, 23) ; thus, we consider that our results could be applicable to patients with type 2 diabetes at low to moderate risk. Second, the clinical significance of vulnerable coronary plaque detected by CCTA has not been fully established. CCTA has failed to characterize lesions at risk of plaque erosion, which could be responsible for one-third of ACS 42) . Prospective studies are needed on the association between vulnerable plaque assessed by CCTA and development of future CAD. Third, methods for measuring IMT are not standardized 36) . Finally, IMT measurements were performed by two expert sonographers as routine clinical examinations, which allows for intra-sonographer differences. Our results should be confirmed in prospective studies with an appropriate sample size and subjects from various ethnic groups.
Conclusion
Male sex, duration of diabetes, elevated SBP, and the LDL/HDL were independent predictors of coronary artery stenosis and the LDL/HDL was an independent predictor of vulnerable coronary plaque. Maximum-IMT predicts both coronary stenosis and vulnerable coronary plaque and adding the LDL/ HDL improved the prediction of coronary artery stenosis and vulnerable coronary plaques in asymptomatic patients with type 2 diabetes.
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Our cut-off level of maximum-IMT for predicting vulnerable coronary plaque was 2.1 mm, which is plausible because maximum-IMT of the carotid artery ≥ 1.9 mm was shown to be associated with myocardial infarction 39) . Moreover, the maximum-IMT is superior to the LDL/HDL ratio for this purpose. Combining the two significantly improved the AUC for predicting the presence of vulnerable coronary plaque compared with the maximum-IMT alone. The combination of maximum-IMT ≥ 1.7 mm or LDL/HDL ratio ≥ 3.0 could predict vulnerable coronary plaque with sensitivity of 0.97 and specificity of 0.27. Prediction of the stenosis (−)/vulnerability (＋) group is important, because angiographic encroachment of the lumen was reported as ＜50% in ACS 5, 6) , and patients who could not be included in that group cannot be identified using routine cardiac examinations. Five of the 7 patients in the stenosis (−)/vulnerability (＋) group were detected using the combination of maximum-IMT ≥ 1.7 mm or LDL/HDL ratio ≥ 3.0 (data not shown).
Clinical Implications
Several cardiovascular risk scores have been proposed 40) . Although useful for predicting future cardiovascular events, their value is not high for predicting the presence of coronary artery stenosis 41) . Lee et al. showed that three cardiovascular risk scores (Framingham risk score, systematic coronary risk evaluation, and Chinese multi-provincial cohort study) predicted the presence of coronary artery stenosis detected by CCTA with a sensitivity of 0.61-0.70 and specificity of 0.55-0.66 41) . The current and previous studies showed that maximum-IMT can predict the presence of coronary artery stenosis with sensitivity of 0.84-0.93 and specificity of 0.46-0.57 22, 23) . Maximum-IMT appears superior to risk scores in screening for obstructive CAD. Moreover, we could predict the status of the coronary atherosclerotic burden with two simple measures: maximum-IMT and LDL/HDL ratio. This suggests that carotid ultrasonography is a worthwhile tool to predict the atherosclerotic status of coronary arteries.
Study Limitations
This study has limitations. First, it was cross-sectional with a relatively small number of subjects, all of which were Japanese. The number of patients was too small to assess clinically useful cut-off values. Our participants had poor glycemic and lipid control, and, although they were asymptomatic, they were at high risk for cardiovascular disease. We reserve the use of CCTA for those patients at high risk for CAD in view
